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Gb of data. Three draft genomes were assembled: two haploid genomes with a total 24 size of 935 Mbp (N50 103Kb) each, and a consensus genome with a total size of 25 950 Mbp (N50 97Kb). The genome completeness assessment captured 84% of 26 Actinopterygii Benchmarking Universal Single-Copy Orthologs. To obtain a more 27 complete analysis, the transcriptomes of eleven tissues were sequenced and used to 28 aid the functional annotation of the genome, resulting in 40 777 genes predicted. 29
Variant calling on nearly half of the haplotype genome resulted in the identification of 30 more than 2.3 million phased SNPs with heterozygous loci. Conclusions: A draft 31 genome was obtained with the 10X Genomics linked-reads technology, despite a 32 high level of sequence repeats and heterozygosity that are expected genome 33 characteristics of a wild sardine. The reference sardine genome and respective 34 variant data are a cornerstone resource of ongoing population genomics studies to 35 be integrated into future sardine stock assessment modelling to better manage this 36 valuable resource. 37 Keywords: European sardine; Sardina; genome; transcriptome; haplotype; SNP 38 39 Data description 40 Background 41 The European sardine (Sardina pilchardus Walbaum, 1792) (NCBI:txid27697, 42 Fishbase ID:1350) ( Figure 1 ) is a small pelagic fish occurring in temperate boundary 43 currents of the Northeast Atlantic down to Cape Verde off the west coast of Africa, 44 and throughout the Mediterranean to the Black Sea [1] . Two subspecies are 45 generally recognised: Sardina pilchardus pilchardus occupies the north-eastern 46 Mediterranean and Black seas, and the North African coasts south to Cape Verde, 48 with a contact zone near the Strait of Gibraltar [1, 2] . As with other members of the 49 Clupeidae family (e.g. herring, Clupea harengus, Fishbase ID:24) and allis shad 50 (Alosa alosa, NCBI: txid278164, Fishbase ID:101) [3] , the sardine experiences 51 strong population fluctuations in abundance, possibly reflecting environmental 52 fluctuations, including climate change [4, 5] . 53
The sardine is of major economic and social importance throughout its range with a 54 reported commercial catch for 2016 of 72 183 tonnes in European waters [6] . In 55 Portugal, the sardine is an iconic and culturally revered fish and plays a central role 56 in tourist events, such as summer festivals, throughout the country. However, recent 57 stock assessment data strongly suggests the Iberian sardine fisheries is under 58 threat. A recent report by the International Council for the Exploration of the Sea [6] 59 noted a sharp decrease in the Iberian Atlantic coast sardine stock and advised that 60 catches in 2017 should be no more than 23 000 tonnes. The sardine fishery biomass 61 has suffered from declining annual recruitment between 1978 and 2006, and more 62 recently, it has fluctuated around historically low values indicating a high risk of 63 collapse of the Iberian Atlantic stocks [6] . 64 A number of sardine populations have been identified by morphometric methods, 65 including as many as five populations in the north-eastern Atlantic (including the 66 Azores), two off the Moroccan coast, and one in Senegalese waters [1, 7] . Each of 67 these recognized sardine populations is subjected to specific climatic and oceanic 68 conditions, mainly during larval development, which directly influence the recruitment 69 of the sardine fisheries [4, 8, 9] . However, because of phenotypic plasticity, 70 morphological traits are strongly influenced by environmental conditions and the 71 underlying genetics that define those populations has proven elusive [10] . While the 72 recognition of subspecies and localised populations might indicate significant genetic 73 structure, the large population sizes and extensive migration of sardines are likely to 74 increase gene flow and reduce population differences, suggesting, at its most 75 extensive, a panmictic population with little genetic differentiation within the species' 76 range [11] . 77
It is now well established that to fully understand the genetic basis of evolutionarily 78 and ecologically significant traits, the gene and regulatory element composition of 79 different individuals or populations needs to be assessed [see e.g., 12, 13] . 80 Therefore, we provide a European sardine draft genome, providing the essential tool 81 to assess the genetic structure of the sardine population(s) and for genetic studies of 82 the life-history and ecological traits of this small pelagic fish, which will be 83 instrumental for conservation and fisheries management. 84 The genomic DNA (gDNA) was isolated from 20 µl of fresh blood using the DNeasy 108 blood and tissue kit (Quiagen), followed by RNase treatment according to the 109 manufacturer's protocol. The integrity of the gDNA was confirmed using pulsed-field 110 gel electrophoresis and showed fragment sizes largely above 50 kbp. The gDNA 111 was stored at −20 °C before shipping to the service provider (Genome.one, 112
Darlinghurst, Australia). Microfluidic partitioned gDNA libraries using the 10x 113 repeat content of 40.7% and a heterozygosity level of 1.43% represented in the first 129 peak of the distribution. These high levels of heterozygosity and repeat content 130 indicated a troublesome genome characteristic for de novo assembly. 131
De novo genome assembly 132
The de novo genome assembly was performed using the paired-end sequence 133 reads from the partitioned library as input for the Supernova assembly algorithm 134 v2.0.0(7fba7b4) (Supernova assembler, RRID:SCR_016756) (10x Genomics, San 135 Francisco, CA, USA) [18] . Two haplotype-resolved genomes, SP_haploid1 (ENA 136 accession ID UOTT01000000) and SP_haploid2 (ENA accession ID 137 UOTU01000000), were assembled with phased scaffolds using the Supernova 138 "mkoutput pseudohap" option. For the assembly process the Supernova run 139 parameters for maximum reads (--maxreads) and barcode fraction (--barfrac) were 140 set for 650M input reads and 80% of barcodes, respectively. Preliminary trials 141 defined an optimal raw coverage of 78-fold, above the 56-fold suggested in the Supernova protocol; this reduced the problem (to some extent) of the complexity of 143 the high repeat content (Table 1) . A fraction of the 607.36 million read pairs were 144 used after a quality control step embedded in the Supernova pipeline to remove 145 reads that were not barcoded, not properly paired, or low-quality. Input reads had a 146 138.5 bp mean length after proprietary 10X barcode trimming and a N50 of 612 per 147 barcode/DNA molecule (Table 1) . 148
Further scaffolding and gap closure procedures were performed with Rails 149 v1.2/Cobbler v0.3 pipeline script [19] to obtain the final consensus genome 150 sequence named SP_G (ENA accession ID GCA_900499035.1) using the 151 parameters anchoring sequence length (-d 100) and minimum sequence identity (-i 152 0.95). Three scaffolding and gap closure procedures were performed iteratively with 153 one haplotype of the initial assembly as the assembly per se, and previous de novo 154 assemblies from Supernova v1.2.2, (315M/100% and 450M/80% reads/barcodes). 155
By closing several gaps within scaffolds and merging other scaffolds into longer and 156 fewer scaffolds (117 259), this procedure resulted into a slightly longer genome size 157 of 949.62 Mb, which slightly deflated the scaffold N50 length to 96.6 Kb (Table 2) . 158
The assembly metrics of the three assemblies are described in Table 2 together with 159 a recently published Illumina paired-end assembled sardine genome (UP_Spi) [20] . 160
The total assembly size of our genome (SP_G) is 950 Mb and the UP_Spi is 641 Mb 161 ( [22] . Such gaps are reflected in the large number of N's per 100kb in our assemblies 171 (Table 2 ). The number of scaffolds in SP_G is 117 259 (largest 6.843 Mb) and in 172
UP_Spi is 44 627 (largest 0.285 Mb). 173
The genome completeness assessment was estimated with Benchmarking Universal 174
Single-copy Orthologs (BUSCO) v3.0.1 (BUSCO, RRID:SCR_015008) [23]. The 175 genome was queried (options -m geno -sp zebrafish) against the "metazoa.odb9" 176 lineage set containing 978 orthologs from sixty-five eukaryotic organisms to assess 177 the coverage of core eukaryotic genes, and against the "actinopterygii.odb9" lineage 178 set containing 4584 orthologs from 20 different ray-finned fish species as the most 179 taxon-specific lineage available for the sardine. Using the metazoan odb9 database, 180 95.4% of the genome had significant matches: 84.5% were complete genes (76.7% 181 single-copy genes and 9.8% duplicates) and 8.9% were fragmented genes. By 182 contrast, using the actinopterygii odb9 database, 84.2% (76.0% complete genes and 183 8.2% fragmented) had a match, with 69.3% of genes occurring as single copy and 184 6.7% as duplicates. 185
The EMBRIC configurator service [24] was used to create a fish specific checklist 186 The 553 million edited paired-end reads were de novo assembled as a multi-tissue 287 assembly using Trinity v2.5.1 (Trinity, RRID:SCR_013048) [50] with a minimum 288 contig length of 200 bp, 50x coverage read depth normalization, and RF strand-289 specific read orientation. The same parameters were used for each of the 11 tissue 290 specific de novo assemblies. The genome and transcriptome assemblies were 291 conducted on the Portuguese National Distributed Computing Infrastructure [49] . 292
The twelve de novo transcriptome assemblies (Table 3) Ray-finned fish phylogeny 312 We conducted a phylogenetic analysis of ray-finned fish (Actinopterygii) taxa based 313 on 17 fish species. The sardine protein data set used in the phylogenetic analysis 314 was obtained by querying the deduced proteins from our sardine genome against the 315 one-to-one orthologous cluster dataset (106 proteins from 17 species) obtained from 316 [20] . 317
For the query, gene models were constructed for each protein with hmmbuild 318 (HMMER v3.1b2) [53] using default options and the orthologous genes from the 319 deduced sardine proteome were searched using hmmsearch (HMMER) with an e-320 value cuttoff of 10e-3. The best protein hits, as indicated by the bitscores, were 321 aligned to the original protein sequence alignments using hmmalign (HMMER) with 322 default options. Gapped and poorly aligned sites were identified by Gblocks v0.91b 323 (Gblocks, RRID:SCR_015945) [54] using default options and removed using p4 324 v1.3.0 [55] . Protein alignment statistics were calculated, and the proteins 325 concatenated into a single alignment using novel scripts in p4. Of the 106 fish 326 proteins alignments, 97 contained sites which were considered correctly aligned by 327 the Gblocks analysis; statistics for these alignments are presented in Table S1 The best-fitting empirical protein model of the concatenated data was evaluated 332 using ModelFinder [56] in . The best-fitting empirical substitution model was estimated to be the JTT model [58] with a discrete gamma-334 distribution of among-site rate variation (4 categories) and empirical composition 335 frequencies (typical notation: JTT+Г 4 +F). 336
Optimal maximum likelihood tree searches (100 replicates) and bootstrap analyses 337 (300 replicates) were conducted using RAxML v8.2.12 (RAxML, RRID:SCR_006086) 338
[59] with the best-fitting model. The optimal maximum likelihood tree (-ln likelihood: 339 146565.6438) is presented in Figure 4 with bootstrap support values given at nodes, 340
and is rooted to the outgroups Petromyzon marinus (lamprey) and Latimeria 341 chalumnae (coelacanth). 342 343
Conclusion

344
Despite the sardine genome having a high level of repeats and heterozygosity, 345 factors which pose a challenge to de novo genome assembly, a more than adequate 346 draft genome was obtained with the 10X Genomics linked-reads (Chromium) 347 technology. The Chromium technology's ability to tag and cluster the reads to 348 individual DNA molecules has proven advantages for scaffolding, just as long reads 349 technologies such as Nanopore and Pacific Biosciences, but with high coverage and 350 low error rates. The advantage of linked-reads for de novo genomic assemblies is 351 evident in comparison to typical short read data, especially in the case of wild 352 species with highly heterozygous genomes, where the latter often result in many 353 uncaptured genomic regions and with a lower scaffolding yield due to repeated 354 content. 355
The high degree of heterozygosity identified here in the sardine genome illustrates l 356 future problems for monitoring sardine populations using low-resolution genetic data.
However, the phased SNPs obtained in this study can be used to initiate the 358 development of a SNP genetic panel for population monitoring, with SNPs 359 representative of haplotype blocks, allowing insights into the patterns of linkage 360 disequilibrium and the structure of haplotype blocks across populations. 361
The genomic and transcriptomic resources reported here are important tools for 362 future studies to understand sardine response at the levels of physiology, population 363 genetics and ecology of the causal factors responsible for the recruitment and 364 collapse of the sardine stock in Iberian Atlantic coast. Besides the commercial 365 interest, the sardine plays a crucial role at a key trophic level by bridging energy from 366 the primary producers to the top predators in the marine ecosystem. Therefore, 367 disruption of the sardine population equilibrium is likely to reverberate throughout the 368 food chain via a trophic cascade. Consequently, these genomic and genetic 369 resources are the prerequisites needed to develop tools to monitor the population 370 status of the sardine and thereby provide an important bio-monitoring system for the 371 health of the marine environment. 372 
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